Cad. Saúde Pública 2016; 32 (11) :e00175614 | www.ensp.fiocruz.br/csp Susceptibility to infection from the hepatitis A virus (HAV) has increased worldwide. Vaccination has become necessary since unprotected individuals were not infected by the virus in childhood, as in the past. The Strategic Advisory Group on Immunization of the World Health Organization (WHO) supports the integration of the hepatitis A vaccine in immunization programs if properly backed up by data on the impact of the disease in the country and the change of its epidemiological profile, thereby assessing its economic viability 1 . In some countries, including the United States, Israel, China, Argentina, Panama and Uruguay, as well as in certain regions of Spain and Italy, the HAV vaccine is now included in routine childhood immunization programs. The effects of these vaccination programs are confirmed by a substantial reduction in HAV incidence, outbreaks, mortality rates and hospitalization 2 . However, it is known that any implementation strategy of a vaccination program for hepatitis A should take into account factors such as level of endemicity, local socioeconomic development, local sanitation conditions and risks of outbreaks.
Serosurveys based on anti-HAV antibodies detection represent one of the main sources of information used for estimating the burden of disease associated with HAV infection. Such studies enable indirect estimates of age-specific incidence rates of infection and are currently the best way to present the situation of hepatitis A in a country 3 . The seroprevalence by age offers a measure of susceptibility of different age groups to new infections and it is useful to understand the concept of transition and risk shift to older age groups that were not infected in childhood.
In Brazil, seroprevalence studies conducted recently mainly in urban areas, showed a consistent decrease of the incidence rates in childhood 4, 5, 6, 7, 8, 9, 10 . Decrease in HAV circulation 8, 9, 11, 12 as well as a progressive decline in fatal cases related to HAV infection in all Brazilian regions 8 have also begun to be noticed. According to the Brazilian Surveillance System, there is an apparent downward trend in the number of hepatitis A cases reported along the years. The disease rate fell from 11.7 cases per 100,000 in the population in 2005 to 3.1 cases per 100,000 in 2012 13 . Indeed, while Brazil was formerly recognized as an endemic country for hepatitis A, it is now presenting two distinct epidemiological patterns: intermediate endemicity of hepatitis A in the North, Northeast and Central regions, and low endemicity in the South and Southeast regions 14, 15, 16 . Recently, force of infection of estimates of hepatitis A stratified by age and endemicity levels based on a primary dataset from the Brazilian National Hepatitis Survey also showed that there is a shift of risk of HAV infection to older age groups 17 . This transition in the epidemiological pattern can be worrisome, since the delay in the age of exposure does not subsequently eliminate the risk of infection. From a public health perspective, it is important to identify such epidemiological shifts since the severity of the disease increases with age, determining increased disease burden in older groups. For example, HAV infection has become a leading cause of fulminant hepatic failure (FHF) in Brazil 18 , as well as in countries that are experimenting transition in hepatitis A endemicity, such as Argentina 19 , India 20 , and the Republic of Korea 21 . After the implementation of regular immunization against hepatitis A for all children aged 12 months in Argentina in 2005, neither FHF nor liver transplantation due to HAV infection have been observed since 2007 22 . Together, these facts point out the importance of the implementation of preventive measures through vaccination programs for controlling hepatitis A in Brazil.
Although many seroprevalence studies have been conducted in several Brazilian regions, few were carried out using representative population samples 4, 11 . The current study attempted to collect epidemiological data on HAV epidemiology among children and adolescents enrolled in public schools within the educational network of Campos dos Goytacazes, a city located in the Southeastern region of Brazil. In 2011, this municipality was the first to implement hepatitis A vaccination as part of the routine childhood immunization program and it is offered to all children between 1 and 2 years of age, over a 0-6 months schedule. The inclusion of the hepatitis A vaccine in the immunization program was a decision made by this municipality with the aim of prioritizing improved vaccine support for local citizens 23 . The vaccine contains 720U.EL./0.5mL of inactivated hepatitis A antigen adsorbed to aluminum hydroxide (child dose) administered intramuscularly. Since its implementation, 30,000 children have been immunized against hepatitis A 24 . Results from this study will make it possible to draw conclusions about the future impact that immunization will bring to the epidemiology of hepatitis A in this county.
Methodology Study area
Campos dos Goytacazes is the largest municipal jurisdiction in the state of Rio de Janeiro, Brazil, covering an area of 4,026km 2 , with an estimat- According to a recent study conducted by the Trata Brasil Institute 25 for evaluating sanitation in the 100 largest Brazilian municipalities using the National Sanitation Information System (SNIS) database, 90.3% of citizens from Campos dos Goytacazes have access to a mains water supply and 67.3% to the sewage system. This data ranks the municipality in fourth position in terms of sanitation coverage among the 10 municipalities of the State of Rio de Janeiro with more than 260,000 inhabitants.
Study design and subjects
This cross-sectional seroprevalence study of HAV infection was conducted between August, 2011 and July, 2012 among school children and adolescents aged 1 to 19. Three districts from the municipality of Campos dos Goytacazes were selected for the study. The defined geographical areas were urban (Campos), suburban (Guarus), and rural (Baixada Campista) (Figure 1 ). According to the last demographic census (Brazilian Institute of Geography and Statitics. @Cidades. Campos dos Goytacazes. http://cod.ibge.gov.br/ DC0, accessed on 27/Oct/2015), these three districts have a population of over 437,767 inhabitants (91.7% of municipality residents). Of this total, 140,975 were aged between 1 and 19. The study was carried out with random samples from public daycare facilities and elementary/intermediate schools. In each school a classroom was also sampled randomly. The classroom chosen in each school was visited by a group of health agents from the local Municipal Health Department who invited children or their guardians to participate in the research. On the day of sample collection, individuals who agreed to participate were included in the study. Table 1 shows the number of children registered in public schools and day care centers in the municipality of Campos dos Goytacazes and the number of unregistered children plus those registered in private schools according to the age groups evaluated in this study.
Calculation of sample size was based on a 40% HAV estimated seroprevalence 14 , with a 5% precision rate and a 99% confidence level. The formula for sample size determination (http:// www.openepi.com) yielded a total of 1,033 participants.
Data collection
Individuals aged between 1 and 19, living in the city of Campos dos Goytacazes, enrolled regularly in public schools and day care centers and showing no record of vaccination against hepatitis A registered in their vaccination card were included in the survey. All participants or guardians were interviewed by trained health personnel using a structured questionnaire. Sociodemographic data which are thought to have a negative or a positive influence over anti-HAV seropositivity were collected. Participants were clustered in four age groups: 1-4 years, 5-9 years, 10-14 years, and 15-19 years.
Laboratory assays
A dried blood spot (DBS) sample was obtained from each subject enrolled in the study and further processed and assayed for total antibodies against HAV (anti-HAV) using a commercial enzyme immunoassay (Anti-HAV SYM, Symbiosis, Brazil) following the methodology previously described by Melgaço et al. 26 .
Statistical analysis
Multiple logistic regression was used to determine the independent effects on associations between anti-HAV positivity and explanatory variables, estimating adjusted odds ratio and 95% confidence intervals (95%CI) through selection of the better AIC (Akaike information criterion).
In the initial logistic model, all variables (p < 0.05) associated with the seropositivity in univariate analysis were included. Variables with statistically significant associations with anti-HAV positivity were kept in the final model. To take account for the sample we included the design effect using each school as a cluster and the weight proportional to the inverse of number of children in that school. All models used that survey design. Analyses were performed using R version 3.2 (The R Foundation for Statistical Computing, Vienna, Austria; http://www.r-project.org/) and the survey library. 
Results
A total of 919 subjects aged 1-19 (mean age 8.4 ± 4) were tested for the presence of anti-HAV; the participation rate was of 90%. Exclusion from the study occurred for one or more of the following reasons: history of hepatitis A vaccination, consent form not signed, resident of another municipality or insufficient samples. The majority of the participants were female (57.9%), self-declared non-white (70.7%), with low socioeconomic status based on family income (87.9%). Parents with a low level of education were also in the majority (72.6% of fathers and 63.6% of mothers were illiterate or had basic levels of education). Families were at most made up of five or less than five members (77%), with up to two siblings (69.1%). The majority of participants lived in urban or suburban areas (62.1%) in households with access to piped water (77.1%) and a sewage system (57.9%), and reported the use of filtered water for consumption (75.5%). 21.8% of participants reported a history of contact with flood water and 48.3% the habit of swimming in rivers. Most of the participants (81%) had no record of hepatitis A cases in the family.
The overall prevalence for anti-HAV was 20.7% and was significantly correlated with age ( household members, location of the household, water supply, and habit of swimming in rivers (Table 2) . After adjustment for confounding covariates by using two-level logistic regression analysis, increasing age, non-white skin color, habit of swimming in rivers, number of household members > 5, and level of mother's education emerged as significant (p < 0.05) independent predictors of HAV seropositivity (Table 3 and Figure 2 ).
Discussion
This 29, 30 . Results are also in agreement with those described in the population-based survey conducted in Brazilian capital cities 16 , in which the Southeast region of Brazil was found to be a low endemic area for hepatitis A. Among the classical risk factors for HAV infection in developing countries investigated in this study, age, non-white skin color, crowding, educational level of the mother, and habit of swimming in rivers emerged as significant contributors to HAV seropositivity in Campos dos Goytacazes. Consistent with previous studies 10, 27, 29, 31, 32 , age was the most robust variable associated with the prevalence of anti-HAV antibodies. Logistic regression pointed to an increasing risk gradient as the age of the individuals increased. These data suggest that the risk of HAV infection is determined more by the increased exposure time of older individuals to circulating HAV. Table 3 Results of the final multilevel logistic regression model including variables putatively associated with HAV antibodies. According to previous studies, non-white individuals were more likely to be immune to HAV, compared with white individuals 10, 29 . However, rather than related with the biology of racial differences, this result is probably associated with the increasing public health-related risks to which certain social groups such as blacks, women, slum dwellers and the homeless are exposed, which are mainly socio-economic issues 33, 34 . Several racial inequality conditions were pointed out in studies with different objectives conducted among Brazilian populations. In a study comparing adult users of (private and public) oral healthcare services in the state of Minas Gerais, Pinto et al. 35 observed that dark-skinned black race/ color individuals were directly associated with the use of public healthcare services. Historically, underprivileged populations in Brazil tend to use public healthcare services 36 . The investigation of determinants of late stage diagnosis of cervical cancer showed that socioeconomic disparities in the country could be associated with this condition; women aged ≥ 50, with black skin color, and of low educational levels were more likely to be diagnosed at advanced stage of cervical cancer 37 . Living conditions of the Brazilian black population result from unjust social, cultural and economic processes present in the history of the country 36 . The persistence of this social inequality over the years can be demonstrated by the Odds ratio (OR) determined by multivariate logistic regression analysis.
Municipality of Campos dos Goytacazes
Note: that increasing age, number of persons in the household > 5, skin color non-white, swimming in the river, and level of maternal education (secondary or higher) were significant independent predictors of HAV seropositivity.
Cad. Saúde Pública 2016; 32(11):e00175614 | www.ensp.fiocruz.br/csp precocity of deaths, the high rates of maternal and child mortality, high prevalence of chronic and infectious diseases, as well as high rates of urban violence that mainly affects the black population 36 . Inequities are also evidenced between indigenous and non-indigenous populations in relation to diverse health indicators, such as rates of illness and deaths from contagious diseases. Results from the first National Survey of Indigenous People's Health and Nutrition conducted in Brazil revealed that health indicators of both indigenous women and children were shown to be worse than those documented for the Brazilian population as a whole, with important regional variations 38 .
Prevalence was also associated with increased number of family members, which has observed by other authors 4, 10, 29, 39 . Living in crowded settings especially under bad hygienic conditions favors hepatitis A transmission 40, 41, 42 . Close personal contact creates a risk of infection in a crowded family because of decreased living area per individual 42 .
It is reported that increased family education levels are associated with a reduction in hepatitis A prevalence 4, 10, 39, 42 . We also found a similar negative correlation between the seroprevalence rate and maternal education levels. The educational level of the mother influences knowledge of personal hygiene, since learning about hygiene is basically transmitted by mothers.
Prevalence of HAV antibodies was also associated with habits of swimming in rivers, as previously reported 4, 27 . Contamination of surface waters with enteric viruses is a public health concern, especially if these surface waters are used for recreational purposes. Water has been identified as one of the main vehicles for HAV transmission that can occur during contact with contaminated surface water by feces, as well as consumption of contaminated water 43 . HAV has been isolated from surface waters which may be used for recreational purposes 44, 45 and a number of HAV cases have been documented in association with the use of water for recreational purposes 46, 47 .
Typically, the highest rates of anti-HAV prevalence are observed in socioeconomically disadvantaged populations. In fact, the prevalence of HAV infection could even be used as an index of the level of development of a given country 12 . However, it has been shown that the introduction of sanitary improvements is a major factor in changing the prevalence of HAV infection, even when the socioeconomic level of a given population remains low 9, 10 . In the absence of public sanitary facilities, simplistic mechanisms of water and sewage disposal, such as artesian wells and septic cesspools are efficient for minimizing the chance of HAV infection 10 . The low HAV seroprevalence in the municipality of Campos dos Goytacazes reflects a decreasing exposure to HAV among children and adolescents, associated with improved living conditions. In fact, although most participants were from a low socioeconomic status (87.9%), the majority of them lived in households with access to piped water (77.1%) and connected with a system for sewage disposal, whether a sewage system (57.9%) or a septic cesspool (31.3%). This profile was also demonstrated in other seroepidemological studies carried out with Brazilian communities from low socioeconomic levels living under adequate sanitary conditions 10, 27 as well as in other developing countries that underwent improvements in hygiene, particularly in regions such as Latin America, the Middle East, and Southeast Asia. A decrease in the prevalence of HAV infection was observed by Afegbua et al. 48 in schoolchildren and adolescents in Kaduna, Nigeria, which was attributed to improvements in sanitation, water supply and living standards that were locally implemented in the last three decades. The HAV seroprevalence rate in Lebanon also decreased by 40% in children aged 1-5 and by 85% in children aged 6-12 in 1982 to 10.5% and 27.7%, respectively, in 2005 49 .
The most important mode of hepatitis A control is by improvements in hygiene and sanitation conditions and in drinking water supply, which accompany socioeconomic progress. However, the implementation of better living standards without immunization against HAV infection creates an increasing pool of susceptible individuals with risk of infection by the virus that still circulates. Indeed, acute hepatitis A cases have been continuously reported in the county of Campos dos Goytacazes. According to data from the Brazilian Information System for Notifiable Diseases (SINAN), in the years 2006-2013 the municipality of Campos recorded a total of 301 cases of hepatitis A. HAV has been consistently detected in water samples for human consumption in other municipalities of the State of Rio de Janeiro (for example in the municipalities of Mangaratiba and Petrópolis) where hepatitis A outbreaks have occurred (Oliveira JM, personal communication). In the environmental sphere, HAV has contaminated many Brazilian aquatic ecosystems from large urban cities, mainly in Rio de Janeiro and São Paulo 50, 51 .
According to the WHO report on hepatitis A vaccines 1 , the populations in middle-income countries (such as those in Asia, Latin America, Eastern Europe, and the Middle East) may benefit the most from large-scale HAV vaccination
Cad. Saúde Pública 2016; 32(11):e00175614 | www.ensp.fiocruz.br/csp programs. Hepatitis A vaccination was recently implemented (July 2014) in the Brazilian EPI, in a single dose scheme for children that are 1-2 years old 52 . Several cost-effectiveness studies supported the ministerial decision. Sartori et al. 53 demonstrated that a universal immunization program would have a significant impact on disease epidemiology in all Brazilian regions, resulting in a 64% reduction in the number of cases of icteric hepatitis, 59% reduction in deaths for the disease and a 62% decrease in loss of life years nationwide. Zahdi et al. 54 showed that for each dollar invested in the vaccine, a saving of 2.26 USD in treatment would be obtained.
In conclusion, the low anti-HAV antibody preva lence rate observed in children and adolescents reflects a decreasing exposure to HAV infection among individuals living in this municipality of Southeastern Brazil. The reduced exposure to HAV could be associated with an increased standard of living due to improvements in sanitation. The introduction of HAV immunization before school admittance since 2011 in Campos dos Goytacazes will certainly represent an important complementary strategy for the control of hepatitis A, particularly among children who are now susceptible to HAV infection.
Further epidemiological studies should be carried out in the future in order to evaluate the impact that immunization will have on the epidemiology of hepatitis A in Brazil.
